The effectiveness of two herbicides viz., 2 4-D and butachlor for the control of weeds in transplanted paddy and improving the grain yield was studied. Slight toxic effect of herbicides on paddy plants was noticed at 21 days after transplanting of paddy seedlings. However, it didn't persist for long and had no overall harmful effect on grain yield. Both the herbicides produced satisfactory control of the weed population and dry matter. This resulted in a significant increase in grain yield over un-weeded control.
Introduction
Paddy (Oryza sativa L.) is the major cereal crop grown in Nepal. But its productivity is relatively very low. One of the reasons for its low productivity is severe weed infestation. Manual weeding (hand pulling) is still the major method of weed control generally being practiced by the farmers in Nepal, though it is laborious and time consuming. A crisis of farm labour is emerging in Nepal due to organization and industrialization as well as out going of labour force to other countries. Weed control through herbicides is an alternative choice under such a situation, though majority of the Nepalese farmers are poor and small land holders.
The herbicidal control of weeds solves the problem of labour and is relatively cheaper than the manual weeding, but there are certain negative impacts of herbicides on environment, human health and to some extent to grain quality. For example, butachlor slightly affected rice leaf chlorophyll and amino acid contents and 5 ppm butachlor and 2,4-D although exhibited some phytotoxic effects on crop plants, however, the symptoms disappeared 14 days after seeding. Sundaru (1983) reported that the 'japonica' cultivar was generally less susceptible to 2, 4-D injury than 'indica' and adapted more readily in low temperature (about 21°C) and high altitude (about 1140 m) conditions. De Datta and Baltazar (1996) reported that herbicide selectively plays a critical role in rice weed control. With most herbicides, rice may suffer no more than 30% initial injuries through chlorosis and stunting which disappears within 2 to 4 weeks.
Materials and Methods
The experiment was conducted during the Kharif (wet) season to study the effectiveness of herbicides in controlling weeds in transplanted paddy (var. Radha 7 and Khumal 5). Two herbicides along with one hand weeded check and one weedy check were tested in complete randomized block design with three replications. Thirty two days old paddy seedlings were transplanted (four seedling per till) at a space of 20×15 cm 2 . Herbicides were applied four days after transplanting in the field. Phytotoxicity of herbicides on paddy crop injury was made by visual estimates at 3, 6 and 9 weeks after transplanting. Estimates were based on a percentage scale of 0 to 100 (Richard, 1998) and the percentage of phytotoxicity of herbicides was calculated by the formula.
Phytoxicity (%) =
Chlorophyll in control -chlorophyll in treatments ×100 Chlorophyll in control Data were analysed statically by analysis of variance 'ANOVA' (Rangaswamy, 1995; SAS, 1995) . All means were separated using Duncan's Multiple Range Test (DMRT) at the P=0.05 significance level.
Results

Phytotoxicity of herbicides on paddy
The toxic effects of herbicides on the paddy crop plant were observed by pigment analysis and by visual method (phytotoxic rating scale) and found that herbicides were toxic at early stage of plant growth and plants recovered gradually.
Phytotoxicity of butachlor
The pre-emergence application of butachlor (1.5 kg/ha) showed toxic effect on paddy cultivars Radha 7 and Khumal 5. The toxic effects of butachlor on Radha 7 were 14, 5 and 2% in 21, 42 and 63 DAT, respectively. The values in Khumal 5 were 16, 6 and 3%, respectively (Tab. 1). Results presented in table 2 also revealed that the pigment content of crop plants at the early stage of growth were less as compared with weedy. At 21 DAT, the lowest pigment content was recorded in butachlor treated plots. Butachlor treated plants suffered more pigment deficiency than 2, 4-D. Thus, after 63 DAT, the phytotoxic effect was negligible or nil. Mean ±SD in each column followed by the same letter do not differ significantly at P = 0.05 by Duncan's Multiple Range Test (DMRT) followed after ANOVA.
Phytotoxicity of 2, 4-D
The pre-emergence application of 2, 4-D (1.0 kg/ha) showed toxic effect on paddy (Radha 7 and Khumal 5). The toxic effects of 2, 4-D on Radha 7 were 17, 6 and 3% in 21, 42 and 63 DAT, respectively. The values in Khumal 5 were 19, 8 and 3%, respectively (Tab. 1).
Results of pigment analysis indicated that 2, 4-D was toxic at early stages showing leaf chlorosis. The results of butachlor and 2, 4-D treatments showed that Khumal 5 was slightly more sensitive to herbicide than Radha 7 and herbicide 2, 4-D was slightly more toxic to the paddy plants. At the initial stage of crop growth both herbicides showed phytotoxicity on paddy plants but toxic effect did not persist for long, it was high at early stage and gradually decreased. It had ultimately no deleterious effect on the mature plant at 84 DAT (Tabs. 1, 2). .4) 1.68 ±0.08b (38.8) Mean ±SD in each column followed by the same letter do not differ significantly at P = 0.05 by Duncan's Multiple Range Test (DMRT) followed after ANOVA; HW= Hand weeding, figure in parenthesis indicate %.
Discussion
In spite of weeding in agricultural fields since time immemorial, the problems of weeds persist affecting the crop yields. The farmers in developed countries and many developing countries have undertaken chemical means of weed control. In Nepal, most of the farmers still practice hand weeding. The major reasons of traditional practice of weed removal in paddy fields are the poor economy, small size of the farms amd lack of basic understanding of the herbicide application techniques to control weeds. As a result of traditional agriculture, productivity is less.
Both the herbicides butachlor and 2, 4-D showed phyto-toxicity to crop at early stage of growth period but the crops recovered later on. The results of visual observation as well as chlorophyll analysis data of the present study on phyto-toxicity are in agreement with those obtained by De Datta et al. (1968 , 1971 , Maiti and Mishra (1985) . 2, 4-D is slightly more toxic than butachlor for paddy and khumal 5 was slightly more sensitive than Radha 7 for herbicides. De Datta (1981) also reported that butachlor and 2, 4-D exhibited some phytotoxic effects, however, the symptoms disappeared later on. Sen (1981) opined that 2, 4-D is more toxic to rice when applied to the water in which the crop is growing. Very high or low temperature also influence the toxicity of 2, 4-D. Chemical weed control gave better results in Khumal 5 and it was similar to one weeding treatment.
Chlorophyll is the main instrument responsible for photosynthesis. Decrease in chlorophyll content directly effects photosynthesis and thus growth parameters. Chlorophyll content was significantly reduced in the herbicide treated paddy plots in the early stage of growth but the crop recovered later on. There are several reports highlighting effects of herbicide on chlorophyll in various crops (Moreland, 1969; Purohit et al., 1977; Rao & Dubey, 1983; Nandihalli & Bhowmik, 1992; Singh et al., 1996; Kushwaha & Bhowmik, 1999) in agreement with the present findings.
In the present investigation Butachlor and 2, 4-D alone has been found not sufficient to control weeds. Generally, herbicides have been found less effective for narrow leaved monocot weeds and late emerging weeds. Hand weeding has been found better control of weeds specially narrow leaved monocot weeds and regeneration of the weeds after 42 DAT were not effective in crop yield reduction. Similar results have also been reported by Zhang (1996 Zhang ( , 2001 .
